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1. Introduction














knowledge	 of	 productivity	 of	 particular	 skidding	
means,	operating	under	diversified	conditions,	is	es-
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Abstract
This paper presents the results of the study on work time and productivity of the John Deere 
548G-III grapple skidder operating in pine stands on flat terrain. The research covered three 
types of treatment: late thinning, removal cutting in openings and clear cutting in openings. 
The average skidding distance was between 120 and 250 m. In the clear-cut stands, a mean 
duration of a skidding cycle accounted for 12 minutes, while in the thinned ones it was longer, 
lasting ca. 16 minutes. The investigators performed an estimate of parameters of multiple 
regression models, which revealed dependences between:
Þ  duration of skidding cycles and stand conditions, number of logs per load and skidding 
distance, and
Þ  productivity achieved in specific skidding cycles and the above-mentioned variables, as 
well as wood volume per load.
The highest productivity within the productive work time of a skidder was recorded in the 
stand where removal cutting in openings was performed; it exceeded 14 m3×h-1. In other stands, 
the efficiency was lower, not greater than 9 m3×h-1. However, differences between the produc-
tivity achieved within the productive work time and that recorded for the work place time did 
not exceed 20%, which indicated that skidding operations in the stands under scrutiny were 
organised properly.
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erating in the stands under investigation and 
developing	a	mathematical	model	for	work	ef-
ficiency.
2. Materials and methods
2.1 Research area
The	research	was	carried	out	in	southern	Poland,	











Table 1 Characteristics of the stands under investigation
Stand A B C
Studied area, ha 14.8 2.6 4.7
Location – geographical coordinates 50°03’21“N 19°35’29“E 50°03’29“N 19°30’47“E 50°03’57“N 19°35’41“E
Type of habitat Fresh upland deciduous forest Fresh upland deciduous forest Fresh mixed coniferous forest
Tree species composition 10 Pine (Pinus sylvestris L.) 10 Pine (Pinus sylvestris L.) 10 Pine (Pinus sylvestris L.)
Age, years 77 77 102
Stocking index 0.9 0.9 0.7
Crown closure Broken crown Open crown Broken crown
Average diameter at breast height, cm / Average height, m 36/27 31/26 37/25
Large timber, m3×ha–1 430 188 225
Mean volume of harvested trees ± SD, m3 0.65±0.23 0.63±0.14 0.81±0.19
Fig. 1 Skidder equipped with a forest grapple observed during the 
investigations
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operations	were	 performed	 in	 autumn	 and	winter,	
when	the	soil	was	dry	or	frozen,	not	covered	with	snow.












































was	 registered	 to	 compute	 the	wood	 volume	 and	
mass.	A	hauling	distance	of	 every	 load	was	deter-
mined	with	the	use	of	the	Garmin	64S	GPS	device.	In	








significance	 of	 differences	 in	 duration	 of	 skidding	























Engine – type, power kW Diesel, 98
Grapple – gripping area in closed position m2 0.7
Cable winch – cable length / pulling force m/kN 50/156
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Table 3 Characteristics of skidder loads, skidding distances and work times within skidding cycles
Stand Number of cycles Mean Sum Minimum Maximum Standard deviation
A 78
Number of logs per load, pcs. 3.28 256 1 7 1.38
Load volume, m3 2.20 171.82 0.27 6.28 1.12
Skidding distance, m 197 15,378 18 581 127.59
Work times within skidding cycles, min. 16.1 1254 1.6 40.5 9.2
B 127
Number of logs per load, pcs. 3.66 465 1 5 0.60
Load volume, m3 2.95 374.50 1.55 4.61 0.65
Skidding distance, m 246 31,350 53 456 98.43
Work times within skidding cycles, min. 12.0 1532 3.4 19.1 2.3
C 121
Number of logs per load, pcs. 2.94 353 1 5 0.63
Load volume, m3 1.86 223.27 0.72 3.17 0.45
Skidding distance, m 124 15,082 27 246 46.16
Work times within skidding cycles, min. 11.5 1389 1.8 18.9 2.9
Fig. 2 Share of operations under analysis within work time
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Skidding	cycle	duration	=	1.23 – 6.63× –1.39× + 2.60× + 0.03× ± 2.82	(min.)a b c d 


























Table 4 Regression analysis – duration of a skidding cycle
Equation parameters: R=0.86; R2=0.73; R2revised=0.73;
F=221.82; p<0.001; Estimation error = 2.82






Absolute term 0.68 1.23 1.79 0.04
a –0.59 0.41 –6.63 –15.90 <0.001
b –0.12 0.42 –1.39 –3.25 0.01
c 0.43 0.19 2.60 13.43 <0.001
d 0.62 0.01 0.03 17.49 <0.001 Fig. 3 Skidding productivity achieved in particular stands
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3 -1Productivity	of	a	skidding	cycle	=	14.79+3.72× -1.79× -2.73× -0.03× +5.08× ±4.53	(m ×h )a b c d e






Table 5 Regression analysis – productivity of a skidding cycle
Equation parameters: R=0.73; R2=0.53; R2revised=0.52;
F=71.47; p<0.001; estimation error = 4.53







Absolute term 1.03 14.79 14.36 <0.001
a 0.30 0.65 3.72 5.66 <0.001
b –0.14 0.64 –1.79 –2.79 0.01
c –0.41 0.38 –2.73 –7.22 <0.001
d 0.73 0.01 –0.03 –11.77 <0.001




































scending	slopes,	 and	hauling	 logs	over	 the	 similar	
distance	(220–285	m),	achieved	the	productivity	hard-
ly	exceeding	7	m3×h-1	(Mousavi	et	al.	2013).	Whereas	
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